We study the light scattering profile of a subwavelength layered gold-dielectric-gold nanosphere, which unveils exciting ultrasharp scattering-switching signatures based on high spectral proximity of the scattering resonance and cloaking states. Analytical expressions are derived for polarizability, resonance/cloaking conditions, and for scattering cross section of this layered metal-dielectric-metal (MDM) nanosphere, under the quasi-static limit. Our analysis allows one to thoroughly investigate its spectral response, over the entire parametric space of its dimensions and the incident light wavelength. Especially, the scattering spectra reveal multiple Fano-type, ultrasharp spectral profiles with high tunability, in terms of abrupt scattering-switching wavelengths and cloaking bandwidth, when absorption losses in the metallic layers are neglected in the analysis. Upon inclusion of bulk metallic losses along with enhanced electron surface scattering effects, these sharp spectral signatures are found to get severely faded in a realistic layered MDM nanosphere. The results obtained analytically, in each case, are found to be in excellent agreement with the numerical ones calculated based on Mie theory. We demonstrate that the ultrasharp scattering signatures of a pragmatic MDM nanosphere can be revived by introducing semiconductor gain inclusions in the middle dielectric layer, mitigating losses in the metallic layers.
INTRODUCTION
Localized surface plasmon resonances (LSPRs) in plasmonic nanostructures have found numerous applications owing to their exciting features of resonance-enhanced absorption, directed narrowband scattering, and strong field confinement [1] . Among different plasmonic nanoparticles, layered plasmonic nanospheres are of particular interest and have found applications in absorption-based therapeutics and scattering-based imaging in biomedical diagnosis [2] [3] [4] . Strong confinement of electric field, in the vicinity of plasmonic nanoparticles, has proved them to be a suitable substrate for surface-enhanced Raman spectroscopy [5] in chemical and biological sensing, and even for surface-enhanced fluorescence applications [6] . Interesting applications in lasing, switching, sensing, and in nonlinear devices are also demonstrated, where the plasmonic nanostructures exhibit Fano scattering resonances and electromagnetically induced transparency (EIT) [7] [8] [9] [10] .
Plasmonic Fano resonances, originating from strong coupling between different scattering states, are reported mostly in the cases of metallic nanoparticle aggregates, exhibiting narrowband asymmetric line shape in the scattering spectra [9, 11, 12] . Tailoring the Fano scattering profiles of plasmonic materials and metamaterials has been a matter of great interest after different scattering cancelation techniques and cloaking methods are proposed to realize low-scattering-induced invisibility [13] [14] [15] [16] [17] [18] [19] [20] . Even a single nanoparticle with plasmonic coatings can exhibit LSPR-enhanced bright scattering modes, as well as custom engineered cloaking (low scattering) states within the desired range of the electromagnetic spectra. Substantial cross-sectional difference between resonantscattering and cloaking states of a silver-coated dielectric nanosphere is reported in [21] , where the scattering profile abruptly switches between these scattering states over a narrow spectral region. This sort of narrowband scatteringswitching, producing sharp Fano-type signatures, typically takes place at a fixed wavelength. Cloaking at multiple frequencies is theoretically achieved by employing two layers of plasmonic coatings on a dielectric nanosphere [22, 23] . With an extra layer of plasmonic coating it is even possible to observe ultrasharp comb-like scattering signatures with multiple Fano-type profiles [24] . Most of these exotic features are predicted theoretically with assumptions of minimal or no metallic losses in the plasmonic layers. With realistic losses in the plasmonic coatings these scattering signatures may get highly suppressed, limiting their practical applications.
Mirzaei et al. [25] have recently reported that upon considering size-dependent losses in metal, a metal-dielectric-metal (MDM) nanowire cannot preserve the prominent scattering features exhibited in a lossless model. However, they succeeded in demonstrating the existence of both resonant scattering and cloaking states at different wavelengths for an optimized core-shell cylindrical structure, while considering size-dependent realistic losses. The scattering signatures of a dielectric nanosphere with single-layer and double-layer plasmonic coatings are discussed in [23] , where a comparison has been made between lossless and lossy regimes. It was demonstrated that the ultrasharp Fano-type signatures of the scattering spectra in the lossless regime are mostly preserved upon considering bulk metal losses in the plasmonic coatings. The question arising in this case is whether or not the bulk lossy model is able to adequately describe the absorption losses in metallic regions of a subwavelength nanoparticle, and whether or not the sharp spectral features can be secured against the spectral broadening when enhanced losses and electron scattering effects in thin metal layers are taken into consideration.
It is well known that the permittivity of a thin metal layer tends to highly deviate from the bulk metal permittivity, when the layer is much thinner than the mean free path length of electrons in the metal [26] . Therefore, for any nanostructure, typically smaller than 50 nm in size, the practical behavior can only be adequately simulated by incorporating size-dependent corrections to the bulk metal permittivity [25] [26] [27] . It is expected that an MDM nanosphere also exhibits multiple scattering-switching features, similar to the rich scattering profile of a dielectric-plasmonic-plasmonic nanosphere. Tunable dipole-dipole and dipole-quadrupole Fano-type resonances (with substantially wide cloaking valleys) are observed in the extinction spectra of three-layer bimetallic nanospheres made of gold and silver, calculated numerically in the lossy regime [27] [28] [29] [30] . However, the nature of Fano-type scattering signatures of a subwavelength MDM nanosphere is yet to be unraveled, where absorption is expected to strongly contribute to the extinction spectra of such small nanoparticles, typically no larger than 50 nm in diameter. The interesting features, like multiple ultrasharp scattering-switching along with tunable cloaking bandwidth, in the scattering spectra of a pragmatic gold-dielectric-gold nanosphere are still to be practically realized. Despite being comparatively more lossy at optical frequencies, we choose gold over silver due to gold's capability of forming more uniform, continuous thin layers, and is more stable chemically and physically when exposed to environment, making it a better choice for subwavelength nanoparticles in scattering-switching applications [31] . As the enhanced absorption losses in the thin metallic layers of an MDM nanosphere are suspected to drastically suppress the scattering signatures seen in the lossless regime, there may be a need to compensate for the absorption losses in such plasmonic structures. Here, we combine these concepts, for the first time to the best of our knowledge, to realize tunable ultrasharp scattering-switching signatures of a layered golddielectric-gold nanosphere in the visible spectrum.
In this paper, we first derive analytical expressions for polarizability, resonance/cloaking conditions, and scattering cross section of a three-layer nanosphere in the quasi-static limit. The scattering cross-section spectra of a gold-silicagold nanosphere is then thoroughly evaluated in the parametric domain of the nanosphere's dimensions. Multiple resonant scattering and cloaking states, giving rise to narrowband Fano-and EIT-like spectral signatures, are observed in the scattering spectra, exhibiting high tunability of scatteringswitching wavelengths and cloaking bandwidth, when absorption losses are not included in the study. Obtained analytical results are verified numerically using Mie theory solutions.
Incorporation of size-dependent metallic losses to evaluate the practical behavior of the nanosphere shows that with realistic losses in metal layers, the spectral features fade drastically. With loss compensation in the middle dielectric layer, we demonstrated that the desired ultrasharp multiple scattering-switching profiles, with Fano-type signatures, in the scattering response of a layered gold-dielectric-gold nanosphere is practically achievable. The proposed method, thus, can be utilized to tailor any MDM nanosphere to operate in numerous optical switching applications, sensing devices, and even in biomedicine.
QUASI-STATIC THEORY OF A THREE-LAYER NANOSPHERE
We begin our study by expressing the electric field in different regions of a three-layer nanosphere illuminated by incident field E 0 , and then we derive explicit expressions for estimating polarizability, resonance/cloaking conditions, and the absorption and scattering cross sections. With the assumption that the nanoparticle size is much smaller than the wavelength of incident light, we approximate the nanostructure, being exposed to time-varying but spatially uniform field, as an oscillating dipole and employ quasi-static theory. The geometry of a three-layer nanosphere is shown in Fig. 1 , where the regions representing layer 1 (core), layer 2, and layer 3 are characterized by their respective radii r i and permittivities ε i (i 1, 2, and 3); while ε 4 represents the permittivity of the surrounding medium. The electrostatic potential in each region of the three-layer nanosphere can be obtained by solving Laplace's equation [32] , and to begin with, we consider the general solution of the electrostatic potential in each region (i 1, 2, 3, and 4) given by
where A i and B i are the constants associated with the monopole and the dipole terms, respectively [26, 33] . In order to determine the potential in each region, the following boundary conditions must be satisfied at each interface [26] :
They ensure the continuity of (i) the tangential component of the electric field and (ii) the normal component of the displacement field, which leads to B 1 0 in region 1. In region 4, faraway from the nanosphere, the potential is solely due to the incident field E 0 , in which case Φ 4 −E 0 r cos ϑ implying A 4 −E 0 [33] . 
The induced electric field E ind E 4 − E 0 in the region outside the three-layer nanosphere can be approximated to be same as that of a dipole with an effective dipole moment of p ε 4 αE ind , where α is the polarizability given by
in which ε 0 is the permittivity of the free space. With the notations r 1 ∕r 3 3 ≡ p 3 ≡ P and r 2 ∕r 3 3 ≡ q 3 ≡ Q, the expression for polarizability in Eq. (5) takes the form
where
Once the polarizability is known, the scattering and absorption cross sections σ can be obtained based on scattering theory [26, 35] using α, expressed in Eq. (6), and are given by
where k 2π ε 4 p ∕λ and λ is the wavelength of the incident light in vacuum.
In the case of an MDM nanosphere, both layer 1 and layer 3 are metallic and, therefore, have complex permittivities (ε i ε 0 i iε 00 i for i 1 and 3). Then the condition for resonance is obtained when the real part of Den α in Eq. (6) goes to zero, in which case the resonance condition gives rise to the following dependency: P Q∕2Num P∕Den P, where
and
This expression allows one to find out the physical dimensions r 1 and r 2 for any outermost radius r 3 by computing p and q of an MDM nanosphere, resonating at a wavelength λ. An MDM nanosphere reduces to a dielectric-metal (coreshell) nanosphere for p → 0, i.e., r 1 → 0, in which case the resonance condition can be obtained by substituting P 0 and then ε 1 0 in Den α of Eq. (6). Then, Denα becomes Fig. 1 . Cross section of three-layer nanosphere illuminated by incident field E 0 ; k is the wave vector and ϑ is the acute angle between the polarization direction of E 0 and the position vector r.θ andr are the unit vectors along tangential and radial directions, respectively. 2Qε 2 2Qε 2 − ε 3 −ε 3 ε 4 − ε 2 2ε 3 ε 3 2ε 4 . For a twolayer nanosphere, it is convenient to rename the radii and permittivities as ε i1 → ε i and r i1 → r i , which results in
(10) whereQ r 1 ∕r 2 3 . The metallic shell in a dielectric-metal nanosphere has complex permittivity ε 2 ε 0 2 iε 00 2 and thus, the resonance condition, ReDen α 0, yields r 1 r 2 3 2ε
which conforms to the resonance condition reported by Averitt et al. [26] . Therefore, in a similar way one may also obtain the resonance condition for a metal-dielectric (core-shell) nanosphere from the polarizability of an MDM nanosphere by substituting Q 1 and ε 3 ε 2 in Eq. (6). However, in this paper we only focus on MDM nanosphere and analyze a gold-dielectric-gold nanosphere placed in air ε 4 1.
SCATTERING PROFILE IN ABSENCE OF ABSORPTION LOSSES
Consider an MDM nanosphere made of gold and silica, exposed to visible light. We assume Drude permittivity model to describe the materials of the layer 1 and layer 3, where the permittivities take the following dispersive form [36] :
, where background susceptibility χ ∞ 8.5 and bulk plasma frequency ω p 1.36× 10 16 rad∕s are obtained based on fit to real portion of experimental gold permittivity [37] . Bulk collision frequency γ is neglected for now to exclude the effects of absorption in the analysis. Therefore, in the lossless regime considered here, one may assume all permittivities to have only real components (i.e., Im ε i 0 for i 1, 2, 3, and 4). This allows us to derive the quasi-static condition for cloaking when Num α in Eq. (6) becomes zero, and can be expressed as
On the other hand, scattering cross section peaks when Den α in Eq. (6) goes to zero, and the resonant scattering condition in the lossless regime takes the following form:
Using these conditions, one can explore the scattering resonance and cloaking profiles of a three-layer nanosphere in the parametric space of its physical dimensions and the incident light wavelength. Here, we consider a gold-silica-gold nanosphere (shown in Fig. 1 ) in air and to thoroughly investigate its spectral features, we calculated its scattering cross section σ sca as functions of p, q, and λ using Eq. (7). Figure 2 shows the cross-sectional view (in twodimensional space) of three-dimensional σ sca plots for different cases of fixed p (or q) values, and as functions of q (or p) and λ. In all the contour plots, the scattering cross sections are normalized to span from −180 dB (minimum) to 0 dB (maximum). Red curves represent resonant scattering [satisfying the resonance condition in Eq. (12)], while the blue ones denote low scattering (i.e., cloaking) states [satisfying the cloaking condition given in Eq. (13)]. The regions engulfed in dotted curves in Figs. 2(a)-2(f) highlight the parametric space, where the scattering profile abruptly switches between resonant scattering and cloaking states. Figure 2 (a) depicts the special case for p 0, when an MDM nanosphere essentially becomes a two-layer (dielectricmetal) nanosphere. For q ≈ 0.15, a resonant scattering state abruptly switches to a completely cloaking state at around 450 nm. Note that q, in this particular case, is the ratio of inner radius to outer radius of the silica-gold nanosphere. Scatteringswitching over different cloaking bandwidth can be realized using this dielectric-metal nanosphere, where desired bandwidth is obtained by appropriate selection of q and λ. The results are consistent with the ones obtained by Argyropoulos et al. [21] , where they have observed similar scattering signatures for a dielectric-silver nanosphere in the lossless regime.
A three-layer MDM nanosphere offers better tunability in terms of scattering-switching wavelengths and cloaking bandwidths, as one can observe multiple abrupt switching signatures in Figs , with increase in layer 3 thickness, it is seen that the divergence of resonant scattering (red) and cloaking (blue) curves (starting from the abrupt switching point at shorter λ) increases with reduction in r 1 . This implies that scattering-switching with larger cloaking bandwidth can be realized from MDM nanospheres with thinner layer 3, despite having similar core (layer 1) dimensions. Notice that, the switching signature encircled with dotted line for q 0.6 in Fig. 2(d) , at around 510 nm, is opposite in nature to that seen for q 0.9 in Fig. 2(f) over the same spectral region. For q 0.6, the MDM nanosphere exhibits quick transitions between high-, low-, and high-scattering states for increasing wavelengths, when p ≈ 0.1. On the other hand, for q 0.9 and p 0.1, the MDM nanosphere exhibits sharp switching between low-, high-, and low-scattering states [see Fig. 2(f) ]. Multiple scattering-switching points with tunable cloaking bandwidth demonstrate the pertinence of gold-silica-gold nanosphere in wide ranges of switching applications, which cannot be realized using a silica-gold nanosphere in the visible spectrum. These exciting features can be attributed to the spectral movement of different plasmon modes, seen in the scattering spectrum of a gold-silica-gold nanosphere, as functions of its physical dimensions and gold permittivity dispersion.
The results obtained analytically are then verified using scattering cross-section σ sca spectra, calculated numerically based on the following expression:
where a n and b n are Mie scattering coefficients obtained for a three-layer sphere [38] . The nature of each LSPR peak can be better explained using plasmon hybridization theory [39] . Figure 3(d) presents different possible plasmon modes (queued up according to their respective energy) in a three-layer nanosphere, depending on the nature of interaction between surface charges of layer 1, layer 2, and layer 3. Antisymmetric coupling between plasmons of layer 3 and layer 2 results in antibonding (AB) type of interaction, whereas symmetric coupling between them leads to bonding (B) type of interaction [33, 40] . Further, for each "AB" and "B" type interaction between the plasmons of layer 3 and layer 2, there is possibility of either symmetric (sym) or asymmetric (asym) type alignment of the surface charges associated with layer 1 and layer 2. Near-field calculations show that in Fig. 3(a) , the highest energy peak (H1) corresponds to ω Multiple cloaking (L) states are seen in each spectrum, where a cloaking state appears in between two resonant scattering (H) states. The transitions between "L" and "H" states take place over different spectral interval, resulting in many interesting signatures. Asymmetric line shape over narrow spectral window can be recognized as ultrasharp Fano-type resonance, where Fano-valleys can be located at L2, L3, and L1 in Figs. 3(a), 3(b), and 3(c) , respectively, rising as a result of strong interference between a narrow, bright, resonant scattering state and scattering within continuum of states. Even an inverted symmetric EIT-type scattering signature can be roughly identified between two cloaking-valleys of L2 and L3 in Fig. 3(b) . The rich and exotic spectral profiles observed here, in case of plasmonic-dielectric-plasmonic nanosphere, is found to be as interesting as seen for a dielectric-plasmonic-plasmonic nanosphere [23] . Thus, the peaks and valleys of the normalized scattering spectrum of an MDM nanosphere help in realizing multiple scatteringswitching possibilities, which are presented in Table 1 for a 7∕12∕20 gold-silica-gold nanosphere. Each element in the table is in form of Δλ; Δσ sca , showing the cloaking bandwidth λH − λL along with the difference in scattering cross section σ sca H − σ sca L (dB) between an "H" and an "L" point in the scattering spectrum. The table clearly reports that, with a three-layer MDM nanosphere multiple switching applications can be realized, where ultrasharp switching with bandwidth as narrow as 6 or 18 nm, and even broadband switching as wide as 153 or 186 nm can be theoretically achieved.
EFFECT OF METALLIC LOSSES ON THE SCATTERING PROFILE
The question that arises at this point is whether these exciting scattering phenomena, observed in the lossless regime, can be realized in practice or not. In order to adequately model the scattering characteristics of a real subwavelength MDM nanosphere, one must take into account (i) bulk collision frequency, representing absorption losses in bulk metal, and (ii) the electron surface scattering effect, which plays a significant role when the thickness of the metallic layers is less than the mean free path of electrons [25] [26] [27] . In that case, for modeling a subwavelength gold-dielectric-gold nanosphere, the permittivities of gold in layer 1 and layer 3 should be described using the following dispersion relation [27, 36] :
where χ ∞ 8.5, ω p 1.36 × 10 16 rad∕s, and bulk gold collision frequency γ 1.05 × 10 14 rad∕s. Fermi velocity v F 1.40 × 10 6 m∕s, and δ is the size-parameter that denotes the effective mean free path of electron, which is reduced to the diameter 2r 1 of the core (layer 1) and the thickness r 3 − r 2 of layer 3 for ε 1 and ε 3 , respectively.
The scattering cross section σ sca contours are shown in Figs. 4(a)-4(c) , where only bulk gold losses are considered. Upon considering size-dependent metallic losses using the permittivity model in Eq. (15), the σ sca contours evolve into Figs. 4(d)-4(f) , respectively. In both the scenarios, σ sca is analytically evaluated in p and λ space along three different q levels (q 0.6, 0.8, and 0.9), for a gold-silica-gold nanosphere with r 3 20 nm. Comparing these contours to their respective counterparts in the lossless regime [refer to Figs. 2(d)-2(f)], we observe that the inclusion of metallic losses drastically affects the sharp scattering profiles. It can be seen that the scattering-switching characteristics suffer severe degradation due to enhanced losses and spectral broadening, when size-dependent lossy model is considered. Size-dependent corrections to bulk lossy model must be taken into account in order to adequately describe the spectral behavior of a subwavelength nanoparticle.
In Figs. 4(d)-4(f) , the cross-sectional difference between "H" and "L" states reduces many folds. This shows that a gold-silica-gold nanosphere does not exhibit any exciting features of sharp Fano-and EIT-type profiles in practice, and can only behave as a wideband scattering-switch with reduced slope Δσ sca ∕Δλ. Although the peak positions remain almost the same, as observed in the lossless Drude permittivity regime, narrow Fano-valleys tend to disappear from the spectra as the scattering peaks get significantly broadened, owing to enhanced losses in layer 1 and layer 3 boundaries.
The analytical results are supported by numerically obtained scattering spectra shown in Figs Figure 4 (g) shows that due to increased losses the peak, H1 in Fig. 3(a) , becomes very weak and appears only as a shoulder peak. Peak H2 in Fig. 3(a) , originating from ω sym B mode, continues to be the strongest peak even in lossy regime, whereas the third peak, H3 of Fig. 3(a) , weakens due to the reduced effective dipole moment of ω asym B mode. In the case of q 0.8, σ sca calculated along p 0.1 level in Fig. 4(h) shows that the sharp scattering transition at around 520 nm [seen in Fig. 3(b) ] dies down due to spectral broadening induced by enhanced electron surface scattering. Disappearance of abrupt switching signature is also observed in the case of p 0.2 and q 0.9 [ Fig. 4(i) ], where the peak Hi1 [corresponding to ω sym AB mode in Fig. 3(c) ] becomes too weak to be seen. In short, the realistic metallic losses in a pragmatic MDM nanosphere pretty much destroys the interesting features of ultrasharp multiple scattering-switching, which are found in the theoretical regime-with no loss or with only bulk metallic losses. Table 1 . Scattering-Switching Possibilities in the Scattering Spectrum of a 7∕12∕20 Gold-Silica-Gold Nanosphere Shown in Fig. 3(a 
b Elements discussed in Section 5.
COMPENSATION OF LOSSES IN AN MDM NANOSPHERE
So far, we have seen that a pragmatic MDM nanosphere does not exhibit any physically realizable ultrasharp, multiple scattering-switching features. These exotic signatures in the scattering profile may be restored if we are able to mitigate the metallic losses by introducing some gain in the middle dielectric layer (layer 2). It is common to integrate gain medium (e.g., organic die molecules or semiconductor nanostructure, such as quantum dots and quantum wells) in the dielectric material to compensate for losses occurring at constituent metal layers in metal-dielectric layered metamaterials and nanostructures [41] [42] [43] [44] . We adopt a similar approach for an MDM nanosphere, in which the material of layer 2 is assumed to have a complex dielectric permittivity, expressed as ε 2 ε 0 2 iε 00 2 , where negative ε 00 2 indicates dielectric material with some gain. Experiments suggest that ε 00 2 is typically no larger than −0.04 for dyes, and lies between −0.1 and −0.3 in case of semiconductor gain [41] . A perfect compensation for the metallic losses over a wide spectrum can be achieved, when the dielectric layer with gain inclusions possesses an accurate frequency dispersion, defined by its complex permittivity [41, 45] .
For the sake of simplicity, here we assume the complex dielectric permittivity model for layer 2 to be constant over the spectral range of interest. ε Fig. 4(d) . It is clearly seen that gain achieved using dyes in the dielectric layer 2ε 00 2 −0.04 is too small to mitigate the metallic losses [see Fig. 5(a) ]. On the other hand, with semiconductor gain in layer 2 the desired features, like narrow peaks and valleys, in the scattering spectra get mostly restored. Significant cross-sectional difference (∼90 dB) between the scattering maxima "H2" and minima "L2" is seen in Fig. 5(e) . To illustrate these features adequately, we numerically calculate σ sca for three different gold-dielectric-gold nanospheres, when ε 2 2.04 − 0.04i and ε 2 2.04 − 0.3i. mode, becomes stronger and narrower. Strong coupling between bright and dark scattering states results in sharp Fano-like asymmetric profiles in the scattering spectra, making scattering-switching practically realizable over a narrow spectral window for ε 2 2.04 − 0.3i.
In short, loss compensation with semiconductor gain helps achieving a scattering spectrum with steep slopes Δσ sca ∕Δλ and thus, restoring narrowband Fano-like signatures of a layered plasmonic nanosphere. With the possibilities of transitions between different scattering states of scattering resonance (H1 and H2) and cloaking (L1 and L2), one can achieve both narrow as well as broadband scatteringswitching phenomena with a loss-compensated MDM nanosphere. Table 2 shows the scattering-switching possibilities with a loss-compensated 7∕12∕20 gold-dielectric-gold nanosphere, where switching bandwidth as low as 18 nm and as high as 188 nm can be realized. Ultrasharp scatteringswitching profiles, observed in the lossless regime, can be restored to a great extent, which can be further appreciated by comparing the switching-table elements in Table 2 with the b-marked elements in Table 1 . The physical phenomena of scattering-switching is demonstrated in Fig. 6 by plotting the electric field distribution of a loss-compensated 7∕12∕20 gold-dielectric-gold nanosphere ε 2 2.04 − 0.3i, at wavelengths corresponding to the scattering resonance peak "H2" (λ 595 nm) and the cloaking point "L2" (λ 577 nm) in Fig. 5(g) . In both cases, the electric field is found to be highly concentrated in the core (layer 1) and layer 2 regions, along the polarization axis of the incident light. However, in case of Fig. 6(a) , the electric field is found to be strongly scattered in the region around the MDM nanosphere, which is in deep contrast with the field distribution seen for the cloaking state. In Fig. 6(b) , electric field is almost undisturbed in the vicinity of the MDM nanosphere, which implies that the particle goes into a complete cloaking state at that wavelength, as it cannot be noticed from any direction. Thus, quick transition of a particle's scattering response from a highly scattering state to a completely cloaked state, at different incident wavelengths and over narrow spectral window, helps realizing its potential in scattering-switching applications.
CONCLUSIONS
In this paper, we comprehensively studied the scattering profile of a subwavelength MDM nanosphere (typically smaller than 50 nm in diameter) to explore the possibilities of sharp, multiple scattering-switching signatures. Analytical expressions for polarizability, resonance/cloaking conditions, and the cross sections of scattering and absorption were obtained in quasi-static limit for a three-layer nanosphere, with which we explored its scattering spectra over the parametric domain of the nanoparticle's dimensions. Multiple resonant scattering and cloaking states were found in the lossless Drude permittivity regime, giving rise to Fano-like scattering signatures. We incorporated electron surface scattering effect along with bulk metal losses to adequately describe the behavior of a realistic subwavelength plasmonic nanoparticle and found severe deterioration in the sharp scattering profiles. Increased absorption losses in thin metallic layers and the associated spectral broadening faded the ultrasharp spectral features. To compensate for the enhanced metallic losses, we introduced gain inclusions in the middle dielectric layer and demonstrated that dielectric with semiconductor gain-medium can restore the ultrasharp scattering-switching phenomena for a pragmatic gold-dielectric-gold nanosphere. This proves its potential applications in the fields of sensing, optical storage and switching, nonlinear optical devices, and even in biomedical imaging.
